Summary: Pain is a clinical hallmark of sickle cell disease (SCD), and is rarely optimally managed. Cognitive-behavioral therapy (CBT) for pain has been effectively delivered through the Internet in other pediatric populations. We tested feasibility and acceptability of an Internet-delivered CBT intervention in 25 adolescents with SCD (64% female, mean age = 14.8 y) and their parents randomized to Internet CBT (n = 15) or Internet Pain Education (n = 10). Participants completed pretreatment/posttreatment measures. Eight dyads completed semistructured interviews to evaluate treatment acceptability. Feasibility indicators included recruitment and participation rates, engagement and adherence to intervention, and completion of outcome measures. In total, 87 referrals were received from 9 study sites; our recruitment rate was 60% from those families approached for screening. Among participants, high levels of initial intervention engagement ( > 90%), and adherence ( > 70%) were demonstrated. Most participants completed posttreatment outcome and diary measures ( > 75%). Retention at posttreatment was 80%. High treatment acceptability was reported in interviews. Our findings suggest that Internet-delivered CBT for SCD pain is feasible and acceptable to adolescents with SCD and their parents. Engagement and adherence were good. Next steps are to modify recruitment plans to enhance enrollment and determine efficacy of Internet CBT for SCD pain in a large multisite randomized controlled trial.
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Key Words: sickle cell disease, child, adolescent, pain, cognitive behavior therapy, internet (J Pediatr Hematol Oncol 2018;40:122-127) S ickle Cell Disease (SCD) is the most common childhood genetic blood disease in North America, primarily affecting youth of African American descent. 1 A clinical hallmark of SCD is acute recurrent vasoocclusive episodes of pain. 1, 2 However, many young people with SCD also experience ongoing chronic pain. 3, 4 The presence of pain in youth with SCD has been associated with a range of psychosocial consequences including depression, anxiety and stress, poor sleep, decreased social interaction, and increased school absenteeism. [5] [6] [7] [8] More frequent SCD pain also negatively impacts health-related quality of life. [8] [9] [10] [11] Painful crises are the main reason for SCD-related hospitalization, 6 and drive annual health care costs of $1.1 billion. 12 Pain burden increases with age as youth with SCD move through childhood into adolescence and young adulthood, 13 which emphasizes the importance of early intervention to teach pain self-management skills to minimize the negative consequences of chronic pain.
Despite known consequences of experiencing SCD pain, pain is rarely optimally managed. 14, 15 The first line of treatment for SCD pain is standard medical therapy, primarily opioids. However, medication alone has not been effective in reducing pain burden or associated psychosocial consequences in youth with SCD. 16 Psychological therapies for pain management such as cognitive behavioral therapy (CBT) have been shown effective in reducing pain and improving coping skills and health-related quality of life in both youth with SCD pain and other chronic pain conditions. [17] [18] [19] CBT for pain involves the normalization of the pain experience through education about pain, training in behavioral and cognitive strategies for managing pain and disease-related symptoms, enhancing self-efficacy, and guidance on developing and maintaining a long-term selfmanagement plan. 17, 18, 20 Although there is support for the use of CBT for pain, most youth with SCD do not have access to these treatments. Barriers to delivery include geographic restrictions to CBT pain services, limited availability of clinicians trained in CBT for SCD pain, the direct and indirect incurred costs of additional health care visits to receive CBT, 21, 22 and the stigma associated with seeking assistance through mental health services. 23 The use of Internet-delivered interventions is a potential option to overcome barriers to accessing pain management services for youth with SCD and their families. Evidence from a systematic review showed that treatments delivered on the Internet reduce pain and disability in youth with other types of chronic pain 24 and of these interventions, CBT has been found to be most effective. 25 Access to Internet and smartphone technologies among African Americans is high (79%), even among those of low income, 26 thus the Internet seems like a viable platform to offer an intervention.
To our knowledge, only one prior technology-based intervention has been developed and evaluated for youth with SCD pain. 27 In this study, a sample of children and adolescents with SCD were provided with one in-person session of CBT followed by 8 weeks of home-based practice using a smartphone, with weekly clinician phone contact. The effectiveness of this intervention was compared with a wait-list control. In comparison to the control group, participants who received CBT believed they had more control over their pain, but had no change in their negative thinking in response to pain or in their pain intensity. The smartphone application was underutilized (average use of only 12% over the 8-weeks), and the coping skills section of the application was accessed on less than a quarter of the total pain days reported by all youth. The results of this study highlight the importance of designing an intervention that youth with SCD will engage with and adhere to for learning pain coping skills.
In our prior work on internet-delivered pain management interventions in other populations of youth with chronic pain, we have had success in engaging youth and their parents in CBT through a program called WebMAP 28 with promising effects on reductions in pain-related disability. Because there is no research to date on the feasibility and efficacy of an Internet-delivered pain management intervention for youth with SCD, our first step was to apply our available program (WebMAP) to determine the feasibility of use in this population. Specifically, we sought to (1) examine the feasibility of recruitment, randomization to CBT versus education control, and completion of daily diary and outcome measures in this population, and (2) assess engagement with and adherence to WebMAP in adolescents with SCD pain and their parents.
We hypothesized that the program would be feasible to administer, as evidenced by completion of over 70% of the modules and a level of engagement with the program similar to that seen in our prior work with WebMAP in youth with other chronic pain conditions. 29, 30 We also evaluated the acceptability of the online CBT program using qualitative methods to understand whether modification of the intervention would be required to meet the needs of youth with SCD in a larger trial. We expected that families would perceive the program as acceptable for adolescents with SCD pain and their parents but may also have suggestions for tailoring and adapting the program to more specifically meet their needs. Although outcome measures were collected, the purpose of their inclusion was to assess completion rates pretreatment and posttreatment rather than to test treatment efficacy, which was not possible given our small sample size. In this pilot study, our goal was to test all procedures (ie, screening, recruitment, intervention delivery, outcome assessment) in order to inform the conduct of a larger randomized controlled trial of internet-delivered pain management in this population.
MATERIALS AND METHODS

Participants
Participants included 25 adolescent-parent caregiver dyads. Inclusion criteria were (a) diagnosis of SCD, (b) age between 11 and 18 years, (c) a score of > 3 on the Sickle Cell Pain Burden Interview-Youth (SCPBI-Y 13 ), (d) access to the internet on a computer or smartphone, and (e) a parent/ caregiver who could participate in the study. Exclusion criteria were: (a) did not speak English as a primary language, or (b) attended > 4 outpatient psychological therapy sessions for pain management in the 6 months before screening.
Procedure
For this pilot study we tested a multicenter recruitment strategy with providers at 9 sickle cell clinics in the United States. Providers made families aware of the study through a flyer and asked if they would be willing to be contacted. If verbal consent for further contact was given, providers entered potential participants' contact information into the secure study web site to transfer referral information to research staff at the first author's institution. Interested families then underwent telephone screening with research staff to determine eligibility and to obtain assent from youth and consent from parent caregivers. Enrolled families were emailed a secure link to complete study procedures online.
Upon study enrollment, adolescents and parents completed a battery of pretreatment measures on demographics, pain disability, burden and catastrophizing, depressive symptoms, and health-related quality of life. Adolescents were also asked to complete a daily diary to rate pain intensity and activity limitations over 7 days. All assessments and the daily diary were completed online by REDCap. Following completion of pretreatment measures, adolescent-parent dyads were block randomized to 1 of 2 treatment conditions: internet-delivered CBT (active treatment), or internet-delivered pain education (control). Adolescents and parents in both conditions were provided with access to different versions of an online program "Web-based Management of Adolescent Pain" (WebMAP) that provided either the CBT or pain education treatment. Full descriptions of both the CBT and pain education versions of WebMAP have been described elsewhere. 30 Following completion of the WebMAP online program, participants completed posttreatment questionnaires and adolescents completed the 7-day daily diary.
Individual semistructured interviews were conducted with a subset of adolescent-parent dyads, assigned to the CBT condition. These participants were chosen using a computer-generated randomization table. The interview focused on preferences for treatment, acceptability of the WebMAP program and content, and relevance of the program for SCD pain. Interviews were conducted by a member of the research team, were audio taped and lasted approximately 30 minutes.
Research staff maintained ongoing contact with families during the course of their participation, to remind families about posttreatment assessments and to answer any questions. Following the completion of measures at each assessment point (pretreatment, posttreatment), adolescents and parents both received $50 gift cards. The Institutional Review board at all sites approved this study.
Internet-delivered CBT
Participants in the CBT condition had access to treatment modules on the WebMAP web site. Adolescents and parents were asked to individually log onto the web site weekly, complete the treatment modules to learn cognitive and behavioral skills, and complete behavioral assignments to consolidate these skills. There were a total of 8 modules for adolescents and parents each to complete that covered education about pain, instruction in relaxation strategies, cognitive strategies, healthy lifestyle, and operant strategies for modifying parent responses to pain to support adaptive behaviors. Information in each module is presented through videos, vignettes, activities, and illustrations. Adolescents and parents can interact with the program by typing in information and answering questions throughout the modules. For example, in module 1, all participants are asked to specify goals for the treatment. The information that participants enter into each module is used to tailor the behavioral assignments attached to that module.
Communication between participants and the research team occurred through a message center embedded in WebMAP. Participants could contact their online study therapist at any stage during the treatment and study therapists would communicate with participants after the completion of each assignment. There were 3 study therapists, one had a Master's degree and 2 were PhD level psychology postdoctoral fellows with training and experience in providing CBT. Study therapists were supervised by the first author, a licensed clinical psychologist with experience in CBT for pediatric pain management and in clinical intervention with youth with SCD.
Internet-delivered Pain Education
Participants in the internet pain education condition were also asked to log onto WebMAP weekly. They had access to the pain education version of the WebMAP study web site, which included information from publicly available web sites about pediatric chronic pain management. The pain education version of the web site differed from the one accessed by the CBT treatment condition in that there was no access to cognitive and behavioral skills training by treatment modules for adolescents and parents, nor were there behavioral assignments to complete. Throughout the study, adolescents in both groups continued to receive standard medical care from their sickle cell care team.
Screening Measure
Sickle Cell Pain Burden Interview-Youth (SCPBI-Y)
Adolescents and parents independently completed the SCPBI-Y. 13 The SCPBI-Y contains 7 items to assess the impact of pain on physical, emotional, and social aspects of daily living for youth with SCD, over the previous month. Each item is rated on a 5-point Likert scale regarding the number of days pain has affected daily living (0 = none, 4 = every). Responses are summed to create a total score ranging from 0 to 28, with higher scores indicating greater severity of pain burden. The SCPBI-Y has demonstrated strong reliability and validity. Adolescents who scored > 3 during screening were eligible to participate in the trial.
Treatment Feasibility
WebMAP Use and Engagement
Across both the CBT and pain education groups, data from the administrative backend of the web platform provided number of logins, modules opened and completed, and program completion time. For purposes of this pilot study, we defined engagement in the intervention as percentage of patients completing at least one module in the WebMAP program. Adherence to the intervention was defined as completion of ≥ 6 modules of WebMAP.
RESULTS
Participant Characteristics
Participants included 25 adolescents between 11 and 18 years of age (M, 14.8; SD, 2.1), and their parents. Adolescents were primarily female (64%) and African American with Hemoglobin SS or Sc genotypes. Mothers were the predominant caregiver involved in the study and annual household income primarily fell between $10,000 and $29,999. See Table 1 for the full details of participant characteristics.
Feasibility
Recruitment and Randomization Figure 1 shows a CONSORT flow diagram depicting recruitment flow of study participants. From the 9 referring centers, 87 families were referred. The number of referrals per recruitment site varied, ranging from 1 to 29. Of the families who were referred, 45 were excluded for the following reasons: unable to be contacted by phone (n = 39), did not meet inclusion criteria (SCPBI < 3; n = 4; no primary caregiver; n = 1), and declined participation (n = 1). Because of the high number of families who could not be reached by phone, 45% of referrals were unable to be screened. Of the remaining 42 eligible participants, 13 did not complete the pretreatment assessments (passive refusal). A total of 29 participants were therefore eligible for randomization. Four participants dropped out prerandomization leaving a final sample of 25 participants. This equated to a recruitment rate of 60% from approached participants and 29% from all referrals. The final sample of 25 participants were enrolled and randomized to either Internet CBT (n = 15) or Internet pain education (n = 10). At posttreatment, 3 adolescents dropped out of the CBT group and 2 adolescents dropped out of the Pain Education group for a retention rate at posttreatment of 80%.
Completion of Outcome Measures and Daily Diaries
Assessment completion was high with 91.3% of all adolescent-parent dyads completing all measures both pretreatment and posttreatment. In the CBT group, 100% (n = 15) of adolescents completed the pretreatment questionnaires and daily diaries. Posttreatment, 80% (n = 12) of adolescents completed the questionnaires, 86.6% (n = 13) completed daily diaries. All parents (n = 15) in the CBT group completed the pretreatment measures and 80% (n = 12) completed the posttreatment questionnaires.
Similar rates of completion of measures were seen in the Education group; 100% (n = 10) of adolescents completed the pretreatment questionnaires and daily diaries. Posttreatment, 80% completed the questionnaires and daily diaries. All parents (n = 10) in the education group completed the pretreatment measures, and 90% (n = 9) completed the posttreatment measures.
Treatment Engagement and Adherence
Across both the CBT and education groups, there were high levels of initial engagement ( > 90%) and good adherence to the interventions, with over 70% of all participants completing 6 of 8 modules. In the CBT group, 93% (n = 14) of adolescents engaged with the intervention, 80% (n = 12) adhered to the intervention, and 73.3% (n = 11) completed the intervention. The number of modules completed ranged from 0 to 8 (M, 6.5; SD, 2.9). During treatment, adolescents logged into WebMAP approximately 15.2 times (SD, 9.4; range, 2 to 38). All parents (n = 15) in the CBT group engaged with the intervention, 74.4% (n = 11) adhered by completing 6 of 8 modules, and 66.7% (n = 10) completed the intervention. The number of modules completed by parents in the CBT group ranged from 1-8 (M, 6.4; SD, 2.7). During treatment, parents logged into WebMAP a mean of 16.4 times (SD, 9.7; range, 3 to 43). Program completion time for the adolescent-parent dyad ranged from 7 to 15 weeks, with a mean completion time of 11.3 weeks (SD = 2.7).
In the education group, 90% (n = 9) of adolescents engaged with, and adhered to, the intervention and 80% completed all 8 modules. The number of modules completed ranged from 0 to 8 (M, 7.1; SD, 2.5). Throughout the course of the intervention, adolescents in the education group logged into WebMAP an average of 6.8 times (SD, 3.6; range, 0 to 12). All parents (n = 10) in the education group engaged with the intervention, and there was a 90% adherence and completion rate. The number of modules completed ranged from 3 to 8 (M, 7.5; SD, 1.6). The average number of parent logins to WebMAP was 9.7 (SD, 5.4; range, 1 to 21). Program completion time for the adolescentparent dyad ranged from 11 to 12 weeks, with a mean completion time of 12.1 weeks (SD = 0.4).
Acceptability
Eight adolescent-parent dyads were contacted, and agreed, to be interviewed on their overall experience and perception of WebMAP. Two interviews were conducted with noncompleters and 6 were conducted with dyads who completed all 8 modules. From the qualitative data that were collected, the program was generally perceived as convenient and easy to use, and the content was described as understandable and interesting (eg, "It was very easy to go through… self-explanatory format"). Participants shared their thoughts on how to improve the program. For example, some said they would like more images and diagrams to complement the text. Others wanted the program to be available through mediums other than the Internet, such as a smartphone application. Accessing WebMAP by only the Internet was mentioned as a barrier for both the noncompleters interviewed.
Participants highlighted the number of varied skills they were taught and the applicability of the skills for both managing SCD-related pain and general daily life issues, for example, "There are things you can learn that you can use pretty much every day." There was no indication that participants thought the skills were not tailored towards adolescents with SCD. The majority of participants interviewed who completed the program would recommend it to other children with SCD and their families, for example, "I would definitely recommend it to people with the same condition as my daughter… it's very helpful information that you can apply and help make pain better and manage."
DISCUSSION
The overall goal of this project was to determine program feasibility and inform methodology to conduct a large multicenter RCT of Internet-delivered CBT for youth with chronic SCD pain. To achieve this goal, our first aim was to examine the feasibility of recruitment, randomization to treatment conditions, and outcome measure completion. Although recruitment rates were lower than desirable primarily because of difficulties reaching families by phone, we demonstrated feasibility of Excluded: did not complete pre-treatment assessment (n = 13) using multicenter referral from 9 SCD clinics. The majority of families who could be reached were willing to participate and be randomized. Youth who participated in the study demonstrated a high rate of compliance with completion of outcome measures, including a daily online diary. Our second aim was to examine rates of initial engagement and continued adherence to the Internet-delivered treatment conditions. Both intervention engagement and adherence to interventions were excellent with over 70% of youth and caregivers adhering to the treatment modules.
Retention was high at posttreatment at 80%. The engagement and adherence rates seen in the current study are comparable with the rates reported in previous WebMAP intervention studies in other pediatric pain populations. [29] [30] [31] The final aim was to assess acceptability of the program for a SCD population. Although a generic chronic pain management program was presented, youth and caregivers found it beneficial. However, suggestions were provided for tailoring and adapting the program for SCD specifically. CBT interventions that promote pain self-management can lead to symptom reduction, improved health-related quality of life, and decreased health care use. 19, 32, 33 However, many youth never develop critical pain self-management skills during childhood and are ill prepared to cope with SCD pain as adults, during which time pain often becomes more severe and persistent. Chronic pain in SCD is just beginning to receive research attention. Historically, the focus of clinical management has been on treating acute pain due to vasoocclusive crises. More recently, chronic pain has been identified as a substantial problem in individuals with SCD, 4 highlighting the need for more effective intervention approaches to address this particular need. Indeed young people with SCD describe a lack of available resources to support pain self-management. 34 Thus, there is a critical need for innovative programs targeting youth with chronic SCD pain.
Adolescents with chronic SCD pain experience psychosocial and functional impact similar to youth with other types of chronic pain. 35 In children and adolescents, SCD pain is associated with increased impairment in daily activities such as school, 36, 37 physical activities, social activities, and sleep quality, 38 as well as reduced healthrelated quality of life. 39 The content of our CBT pain intervention targets these primary areas of pain impact and include such strategies as teaching youth to set goals for activity participation, manage school-related issues, change negative thinking patterns, implement relaxationbased strategies, and improve sleep habits. Youth and parents desired more disease-specific education about SCD which can be incorporated into a tailored version of the intervention, specifically for this population. However, the same general CBT strategies found effective for reducing pain-related disability in other populations of youth with chronic pain 29, 30 were also perceived as relevant and useful in youth with SCD pain.
Given the challenges that can arise with uptake of technology-based interventions, we prioritized this pilot study to understand issues with intervention delivery and trial design in order to optimize a future larger RCT of internet-delivered CBT in youth with SCD chronic pain. The only prior study 27 to use technology in this population to deliver CBT skills was limited by a low recruitment rate (13% of referrals and 30% among those approached) and very low patient engagement with the intervention (only 12% used skills). Thus, we were sensitive to possible challenges in recruitment and intervention delivery. Our findings demonstrated that our Internet-delivered CBT intervention program had good engagement from participants, was adhered to, and was acceptable to adolescents with SCD chronic pain and their parents, showing promise to study this intervention further in a larger trial. We believe the intervention was engaging to youth because it makes use of a narrative, uses tailoring and personal accountability, and is interactive with multimedia elements.
Similar to other intervention studies in youth with SCD, the most significant challenge was recruitment. Despite referrals from all 9 recruitment sites, our available pool was relatively small, and many families could not be contacted by phone (45% of families referred). Among families who we were able to screen for eligibility we had further passive refusal by failure to complete assessments. Thus, our overall recruitment rate from referrals was 29% while our recruitment rate from those approached was 60%. In other studies in the sickle cell population, similar and lower rates of recruitment (13% to 49%) have been reported. 27, 40, 41 Indeed a key barrier identified to participation in intervention studies by patients with SCD is scheduling study visits. Our procedures, which involved entirely phone and online consent, assessment, and treatment effectively removed the logistical barriers to participating in treatment studies in person. However, unreliable internet service did contribute to some participation problems for several families. We believe our experiences with recruitment reflect the significant challenges of enrolling African American youth and their parents into intervention research where broader socioeconomic barriers, mistrust and misunderstanding of research, and lack of perceived benefits from research participation, and chaotic home organization may explain low enrollment. As a point of comparison, recruitment rates were significantly higher (70% to 80%) in our previous studies using the WebMAP intervention [29] [30] [31] recruiting predominantly white youth attending tertiary care chronic pain and headache clinics. Further, there were site-specific differences in referrals and enrollment. This may reflect differences in patient populations at each site who have differing levels of engagement in, or knowledge of, research. It may also reflect differences in the experience of staff at each site in research participation. Regional socioeconomic factors may also play a role in the ability to contact patients by phone or email.
We agree with recommendations of others concerning strategies that may improve recruitment and retention in this population, such as reducing demands on participants, offering study incentives, and remaining in contact by phone and reminders. 41 From our experiences in this pilot RCT, we add to this list several additional recommendations including: (1) obtaining at least 3 contact numbers for individuals who will know how to reach the patient, (2) requesting permission to send text message reminders, and (3) offering multiple intervention formats including mobile and web-based versions of the intervention. In addition, we are considering additional methods to engage staff at referring clinic sites (eg, developing a webinar about the study, visiting sites in person). It will be important before dissemination of this intervention to also gain information directly from health care providers at the clinics to understand possible barriers and facilitators to implementation of an internet-delivered CBT pain management intervention to youth with SCD pain.
